Isometric virus particles, 33 nm in diameter, were purified to apparent homogeneity from a dsRNA-containing isolate (Rhs 717) of anastomosis group 2 of the basidiomycete Rhizoctonia solani. The dsRNA segments isolated from purified particles had the same Mr (1"5 x 106 and 1-4 x 106) as those isolated directly from mycelial tissue of Rhs 717. Purified virus particles had a buoyant density of 1.37 g/ml in CsC1, and an A26o/A28 o ratio of 1.43. The melting curve of the mixture of dsRNA segments from Rhs 717 particles had a sharp thermal transition with a melting temperature of 95 °C in standard saline citrate buffer. The RNA polymerase activity associated with the purified virus was characterized. Enzyme activity was dependent on the presence of Mg 2+ and was insensitive to actinomycin D. Virus particles and RNA polymerase activity cosedimented as a single peak in isopycnic CsC1 gradients. The major reaction products were two dsRNA segments of M~ 1-5 x 106 and 1.4 x 106, which corresponded to those of the two viral dsRNAs. The [32p]UMP-labelled products hybridized to the two viral dsRNAs. The RNA synthesized in vitro remained in association with virus particles subjected to agarose gel electrophoresis.
INTRODUCTION
The combination of vigorous saprophytic capability in soil, lethal pathogenic potential and very wide host range makes Rhizoctonia solani an economically important plant pathogen (Menzies, 1970) . Castanho & Butler (1978) reported that the morphology, physiology and virulence of this basidiomycete are severely affected by a degenerative disease which they named Rhizoctonia decline. They presented evidence which suggested that the decline symptoms were caused by a transmissible cytoplasmic determinant, and that the decline condition as well as the dsRNA were transmitted by hyphal anastomosis. They reported that healthy isolates usually contained no detectable dsRNA. All attempts to isolate or detect mycoviruses in extracts of dsRNA-containing, hypovirulent R. solani cultures failed (Castanho et al., 1978) . In a subsequent study (Zanzinger et al., 1984) , we showed that virulent as well as hypovirulent isolates contain dsRNA and suggested that it is the genetic information carried by the dsRNA that influences the expression of fungal vigour and/or virulence and not simply the presence of dsRNA. We also reported the isolation of dsRNA-containing isometric virus particles from certain isolates and suggested that most of the dsRNA in R. solani may be of viral nature (Zanzinger et al., 1984) .
The controversy surrounding the role of dsRNA in fungi is a reflection of the technical difficulty of infectivity assays with dsRNA. The development of an efficient protoplast isolation system (Hashiba & Yamada, 1982) in conjunction with the potential availability of wellcharacterized dsRNA-containing viruses from R. solani would provide an excellent model for studying the genetic interactions between dsRNA and the fungal organism.
The objective of this study was to determine the physicochemical properties of an isometric virus from R. solani, and to characterize the RNA-dependent RNA polymerase activity associated with this virus. Preliminary reports of this work have been published (Tavantzis & Bandy, 1984a, b; Bandy & Tavantzis, 1986 ).
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methylmercuric hydroxide at 25 °C for 20 min immediately prior to addition to the translation reaction mixtures (Ghabrial et al., 1987) . Final concentrations in the reaction mixture were 80 gg/ml dsRNA and 1 mMmethylmercuric hydroxide. Incorporation of label into synthesized polypeptides was determined by measuring TCA-precipitable radioactivity in 2 gl aliquots. Immunoprecipitation was according to Dougherty & Hiebert (1980) , using antiserum to purified virions prepared as described below. The translation products were treated with preimmune serum to remove non-specific antigens, prior to reaction with the virus-specific antiserum (Kessler, 1981) . Translation products were analysed in 7-5 to 17.5% polyacrylamide gradient slab gels as described by Tavantzis et al. (1983) , or in uniform 7.5% slab gels. Following electrophoresis, gels were dried and fluorographed using Amplify (Amersham). M r values of translation products were estimated as described above using prestained Mr standards (Bethesda Research Laboratories) or low Mr standards (Pharmacia) which were stained with Coomassie Brilliant Blue prior to drying and fluorography.
Serology. Purified virus particles obtained from the single u.v. absorbing peak of CsCI gradients (1 ml with A260 of 2 to 3 per injection) were administered to a New Zealand white rabbit intramuscularly, subcutaneously or intravenously at weekly intervals. Virus was emulsified with an equal volume of Freund's complete adjuvant before the first and second injections. Antiserum was obtained 4 weeks after the third injection, adjusted to 50% (v/v) glycerol and stored at -20 °C. Mycelium of Rhs 717 was freed of dsRNA by eight consecutive hyphal tip transfers, followed by culturing on potato dextrose agar containing 0.05 mM-cycloheximide, after the method of Fulbright (1984) . The dsRNA-free mycelium was subjected to the standard virus purification procedure.
Following rate zonal centrifugation, fractions 15 to 35 were combined, adjusted to the same A26 o as viruscontaining fractions, and used as checks in double diffusion serology tests performed according to Tavantzis & Smith (1979) .
In vitro assay ofvirion-associated RNA polymerase. The standard RNA polymerase reaction mixture contained (in a final volume of 50 ~tl) 50 mM-Tris HC1 pH 7.5, 0. l mM-disodium EDTA, 3 mM-MgCI_,, 0.05 mM each of ATP, CTP and GTP, 0.05 mM-UTP, 5 taCi of [5,6-3H]UTP (46 Ci/mmol. New England Nuclear), 10 mM-DTT, 0.125 mg/ml actinomycin D, 2 units/lal of RNasin ribonuclease inhibitor (Promega Biotec, Madison, Wis., U.S.A.) and purified Rhs 717 virions. The reaction mixtures were incubated at 37 °C for the indicated times and then adjusted to contain 25 mM-disodium EDTA and 0.1 M-tetrasodium pyrophosphate. Incorporation of label into synthesized RNA was determined by measuring TCA-precipitable radioactivity in 10 to 20 ~tl samples (Ben-Tzvi et al., 1984) .
Fractions from sucrose or CsC1 gradients were assayed by mixing 25 p.1 with 25 ~tl of twofold concentrated reaction mixture or by resuspending virions pelleted from gradient fractions (105000 g, 16 h) in the reaction mixture.
Characterization of RNA polymerase products. The reaction products were phenol-extracted and precipitated from ethanol as described by Tavantzis et al. (1980) . Samples were treated with pancreatic DNase I (Worthington) in SAM or RNase A in 2 x SSC (Hoch et al., 1985) . The sizes of the products were estimated by electrophoresis in TAE, staining with ethidium bromide and fluorography as described above.
Hybridization of the RNA polymerase reaction products to t, irion and mycelial dsRNA. Virion and mycelial dsRNAs were nuclease-treated as described above and 4 ~tg samples were electrophoresed in a 1.1% agarose gel in TAE. TMV RNA (2 ~tg) and the dsRNA Mr markers (4 ~tg) of mycovirus origin were used as control samples. After staining with ethidium bromide and photography, RNA was transferred to a Nytran membrane (Schleicher & Schuell) following the directions of the manufacturer.
RNA polymerase products were synthesized in a standard reaction mixture, using 20 ~tCi of [3-'P]UTP (410 Ci/mmol; Amersham) per 50 ~tl of reaction mixture, incubated at 37 °C for 10 h. Reactions were stopped as described above and unincorporated [3_,P]UTP was removed by centrifugation through Sephadex G-50 packed in 1 ml disposable syringes (Maniatis et al., 1982) .
The Nytran membrane with the blotted RNAs was prehybridized for 10 h and hybridized for 36 h as described by the manufacturer. After hybridization the Nytran filters were washed twice (15 rain each) with 1 ml/cm 2 of 10 × SSC, 0.5% SDS at room temperature, twice (15 min each) in 1 × SSC, 1.0% SDS at 37 °C and finally once in 0.1 × SSC, 1-0% SDS at 65 °C for 45 rain.
Electrophoresis of virus particles. After the RNA polymerase reaction, samples were dialysed against TAE to remove unincorporated [3H]UTP and samples of the reacted virus were electrophoresed in three lanes of a 1% agarose slab gel in TAE at 3 V/cm for 16 to 18 h. Virus bands were visualized by staining one portion of the gel with ethidium bromide (1 ~tg/ml) and a second portion with Coomassie Brilliant Blue (2 mg/ml). The third portion of the gel was fluorographed as described above. R. solani A purification scheme that entailed precipitation of the initial homogenate in PCE by 7%0 polyethylene glycol (Mr 6000) and 0-5 M-NaC1 followed by a cycle of differential centrifugation and sucrose density gradient sedimentation resulted in an A:s~ profile with a single peak at the top of the gradient, apparently containing host cell components. Substitution of the polyethylene glycol step with a cycle of differential centrifugation and use of sucrose cushions for high speed pelleting gave sucrose density gradient A254 profiles containing u.v.-absorbing peaks as shown in Fig. 1 . Examination of 1 ml fractions from various levels of the sucrose gradient by electron microscopy revealed that all of the u.v.-absorbing fractions contained polyhedral particles of approximately 33 nm in diameter (Fig. 2) . Fractions 12 to 14 contained mostly empty capsids, whereas fractions 15 to 35 had apparently complete virus particles of the same diameter.
RESULTS

Purification and properties of virus particles Jrom
Fractions 18 to 35 contained a small proportion of aggregates of two or three particles. U.v. absorbance spectra as well as A260/A280 ratios of fractions from different levels of the sucrose gradient were typical of protein (fractions 12 to 14) or nucleoprotein and confirmed the electron microscopy observations. Following rate zonal sucrose density gradient sedimentation, fractions 15 to 35 were pooled, concentrated by centrifugation (105000 g, 16 h), layered on to 25 to 55~ (w/v) CsC1 gradients and centrifuged to equilibrium. The Rhs 717 particles sedimented as a single component with a buoyant density of 1.37 g/ml. Occasionally, empty capsids were found in lighter fractions which had a low A254. Isometric particles obtained from the CsCI gradients were 33 nm in diameter, had a u.v. absorbance spectrum typical of nucleoprotein and an average A26o/A28o of 1.43. In sedimentation velocity experiments, the moving boundary of the particle preparation indicated a polydisperse system with an average sedimentation coefficient (S2o, w) of 139, not extrapolated to infinite dilution.
Yields of virus particles were between 2.4 and 4.0 mg per 100 g fresh weight of mycelium with no evidence of diminishing titre over 16 months of subculturing. Virus yield was enhanced by keeping cultures at 4 to 6 °C for several days following the standard 2 week incubation at room temperature. In one experiment 'cold-treated' mycelium yielded over 40~ more virus than mycelium that was kept continuously at room temperature.
Properties of nucleic acid components
Nucleic acid isolated from purified virions was hydrolysed by 0.4 M-KOH, resistant to DNase I, resistant to RNase A at high ionic strength (2 x SSC) and sensitive to RNase A at low ionic strength (0-1 x SSC), indicating that it is dsRNA. Its double-stranded nature was confirmed by its melting during thermal denaturation. The melting curve of the virus RNA had a sharp thermal transition (melting temperature 95 °C) similar to that of calf thymus DNA, and markedly different from the broad transition of the genomic ssRNA of TMV. Gel electrophoretic analysis of virion dsRNA from 1 ml fractions collected from sucrose density gradients resolved two dsRNA components with M r 1"5 x 106 (R1) and 1.4 x 106 (R2). Similar results were obtained with pooled density gradient fractions concentrated by extensive ultracentrifugation (110000 g, 16 h) (Fig. 3b, c) . Fractions 1 to 14 contained no dsRNA thus confirming other observations. The Mr and relative amounts of dsRNA extracted from mycelial tissue of Rhs 717 were the same as those associated with purified virions (Fig. 3a) . Discrete bands of dsRNA molecules with Mr ranging from 0.4 x 106 to 1 x 106 were detected in gels loaded with large amounts (20 to 30 ~g) of viral or mycelial dsRNA.
Properties of viral polypeptides
Preparations of virion-associated proteins, made by various treatments and boiled in 2 ~ SDS and 2~ 2-ME just prior to electrophoresis, tended to form stable aggregates which migrated close to the top of the resolving gel in SDS-PAGE. Bands that were detected near the top of gradient gels (5 to 22~) were nucleoprotein complexes because they stained both with Coomassie Brilliant Blue R250 and ethidium bromide.
The treatments with acid (Fraenkel-Conrat, 1957) or alkali (Fraenkel-Conrat & Williams, 1955 ) gave a number of polypeptides with Mr values ranging from 16K to 80K (Fig. 4 , lane 2) most of which were assumed to be artefacts or breakdown products. Translation of denatured viral dsRNA in a messenger-dependent rabbit reticulocyte lysate resulted in the synthesis of two major polypeptides with approximate Mr 71K and 77K as well as a number of smaller polypeptides, presumably incomplete versions of the above two proteins (Fig. 4, lane 3) . The average net incorporation of radioactive label per 30 ~tl was 7.6 x 105 c.p.m, for rabbit globin mRNA, 2-3 x l06 c.p.m, for cucumber mosaic virus (CMV) RNA and 8.6 x 105 c.p.m, for Rhs 717 viral dsRNA, in the presence of 1 mM-methylmercuric hydroxide. Rabbit globin and CMV mRNAs coded for products of the expected Mr, whereas a lysate without mRNA gave no products. Antiserum against Rhs 717 virus particles weakly but specifically immunoprecipitated the two major translation products (71K and 77K) (Fig. 4, lane 4) , and to a lesser extent the incomplete peptides (not shown). 
Serological properties of virions
The Rhs 717 virus particles were shown to be good immunogens and antigens because the antiserum had a high titre (1/2048) against virus particles at the relatively low concentration of 20 ~tg/ml in double diffusion tests. Mycelial extracts of Rhs 717 that had been freed from d s R N A by hyphal-tipping and cycloheximide treatment did not react with antiserum to the virus particles. The intra-gel absorption method (Van Regenmortel, 1967) was used in conjunction with a constant-feed micro double diffusion technique (Crowle, 1961 ; Tavantzis & Smith, 1979) to make serological comparisons among virus particles from fractions of the sucrose density gradient. If antiserum was first absorbed with a virus preparation from fractions 16 to 25, no precipitin lines formed with virus from other fractions in the same sucrose gradient. In contrast, when unabsorbed antibodies were used precipitin lines were formed and fused, showing reactions of identity, with all virus fractions.
Characterization of the Rhs 717 RNA polymerase activity
RNA-dependent R N A polymerase activity was detected by using a reaction mixture developed to detect R N A polymerase activity in virions from Ustilago maydis (Ben-Tzvi et al., 1984) . The Rhs 717 virion R N A polymerase activity was insensitive to actinomycin D and ~-amanitin and was not activated by spermidine, Triton X-100, creatine phosphokinase and creatine phosphate, S-adenosyl-L-methionine, Mn 2+ or heat treatment (Table 1) activity was dependent on the presence of Mg 2+, with an optimum concentration of 3 mM; activity was 50~ the maximum at 9 or 11 mM-MgCI2. Fig. 5 (a) shows the effect of pH on the reaction. Enzyme activity was highest between pH 7.5 and 8.0 but much less above or below these values. Little or no activity was observed below pH 7.0 perhaps because the concentration of available magnesium was altered by the use of citrate/phosphate buffer at pH < 7. Although a reaction temperature of 30 °C was adopted in preliminary experiments, [3H]UMP incorporation was considerably higher at 37 °C (Fig. 5b) ; significant activity was observed at 4 °C or 50 °C. Little or no enzyme activity was detected when the virus concentration was 65 ~tg/ml or lower.
Incorporation of [3H]
UMP increased approximately linearly with increasing virus concentration up to 225 ~tg/ml and positively but less markedly up to 1.8 mg/ml (the highest concentration tested). RNA synthesis continued for up to 10 h although little additional incorporation occurred in a further 10 h of incubation. Omission of the RNasin did not alter the amount of incorporation. Assuming that the RNA polymerase product contained 25~o UMP, average incorporation after 2 h was 85 ng of RNA synthesized per ~tg of viral RNA template. ) and RNA polymerase activity (---), in CsC1 gradients (density; ..... ). After isopycnic centrifugation (105000 g for 18 h), 1.5 ml fractions were dialysed against PCE buffer and centrifuged at 105 000g for 18 h. The resulting pellets were resuspended in 50 Ixl of deionized water and 35 ~tl samples were assayed for RNA polymerase activity. (b) Isopycnic centrifugation of Rhs 717 virus after RNA polymerase reaction and distribution of [3H]UMP incorporation. Purified virus was incubated in an RNA polymerase reaction mixture for 2 h at 37 °C. After dialysis, virus was centrifuged to equilibrium in a preformed CsCI gradient at 55 000 r.p.m, in a Beckman 70.1Ti rotor for 16 h, and then fractionated.
Location of RNA polymerase activity and characterization of enzyme products
Fractions (1 ml) from the sucrose gradient shown in Fig. 1 were incubated in RNA polymerase reaction mixtures for 2 h. Enzyme activity was detected only in fractions 15 to 35. RNase-treated (in 2 × SSC) or untreated RNA polymerase products of the designated composite samples (Fig. 1) were electrophoresed in 2.4% polyacrylamide gels that were stained with ethidium bromide and fluorographed. RNase treatment had no effect on the products. All fractions gave the same products which comigrated with the viral dsRNAs. The incorporation of [3H]UMP into TCA-insoluble RNA products, presented in Fig. 1 (legend) , showed that fractions a, b, c, d and e had similar enzyme specific activities. When sucrose gradient-purified virus was centrifuged to equilibrium in CsC1, only fractions from the u.v.-absorbing peak contained enzyme activity (Fig. 6a) .
To examine whether or not the reaction products remained within the viral capsid, samples of the RNA polymerase reaction mixture (100000 TCA-insoluble c.p.m, per sample) were electrophoresed in a 1% agarose gel, and the positions in the gel of virus (stained with Coomassie Brilliant Blue or ethidium bromide) and radioactivity (assayed by fluorography) were determined. All of the radioactivity comigrated with the intact virions. However, about half of the TCA-insoluble radioactivity associated with virions, after incubation with the RNA polymerase reaction mixture, was lost when they were treated with RNase A in either 2 x SSC or 0.1 x SSC.
To determine whether the R N A synthesis consisted of the production of substantial amounts of R N A or merely filling in of short single-stranded tails on predominantly double-stranded viral RNA, the buoyant density of Rhs 717 virions was determined in CsCI gradients before and after the R N A polymerase reaction. The great majority of the virus particles had an identical buoyant density (1.37 g/ml) before and after the R N A polymerase reaction ( Fig. 6a and b) . These data suggest that in the majority of Rhs 717 virions, the R N A polymerase activity consists of filling in short ssRNA tails on pre-existing d s R N A molecules. In contrast to numerous u.v. absorbance profiles of equilibrium CsC1 gradients of unreacted virus, two minor u.v.-absorbing components appeared after the R N A polymerase reaction. These were a small peak on the denser side of the major u.v.-absorbing peak and an equally small portion of the total virus with a buoyant density of 1.45 g/ml or higher (Fig. 6b) . The amount of R N A synthesized in the above small fractions of the Rhs 717 virus population was apparently enough to effect a detectable increase in the buoyant density of the virions within these subpopulations.
Analysis of the RNA polymerase reaction products
To determine whether [3H]UMP was incorporated into ssRNA or dsRNA, the radioactive R N A was isolated and incubated with or without RNase A in 2 x SSC or 0.1 x SSC. Ribosomal ssRNA, which was used as a control, was hydrolysed by RNase in both high or low ionic strength buffer. Labelled reaction products became completely soluble in T C A when treated with RNase A (20 ~tg/ml) in 0.1 x SSC, whereas only 19.1~o became soluble in T C A when similarly treated in 2 x SSC. Treatment with 0-4 M-KOH for 18 h at room temperature hydrolysed the R N A product completely.
Samples of the virion R N A polymerase reactions corresponding to the indicated incubation intervals (Fig. 7) were phenol-extracted and electrophoresed in 2.4~ polyacrylamide-agarose slab gels. The data suggest that in RNase-treated (in the presence of 2 x SSC) samples most of the [3H]UMP incorporated by the enzyme was associated with R1 and R2 (Fig. 7) . Unlabelled virion dsRNAs comigrated with the radioactive dsRNAs. In fluorograms of untreated samples an additional faint and less discrete band was observed. RNase treatment in 2 x SSC eliminated this band and increased the radioactivity in bands R1 and Rz compared to that of untreated samples (Fig. 7) which suggests that the higher Mr band is converted, at least in part, to R1 and R2 by RNase digestion. Although lane 3 (40 min sample) does not clearly show the diffuse high Mr band in this particular exposure of the autoradiogram, lane 4 (RNase-treated counterpart) has a signal of higher intensity than that of lane 3. The nature and size of the RNA polymerase products was not influenced by the duration of the reaction time.
[32p]UMP-labelled, RNA polymerase products hybridized with both viral and mycelial dsRNA but not with TMV RNA or the other fungal virus dsRNAs that were used as checks (Fig. 8) . The data suggest that the products of the Rhs 717 virus-associated RNA polymerase share sequence homology with the viral dsRNAs and with the dsRNA extracted from the mycelium of Rhs 717.
DISCUSSION
Procedures used successfully for the purification of viruses from other fungi (Buck & Girvan, 1977; Tavantzis et al., 1980) were not suitable for the Rhs 717 particles apparently because they were irreversibly aggregated. Use of PCE buffer, DTT instead of 2-ME, and sucrose cushions for high speed pelleting reduced the degree of aggregation but not as extensively as previously reported (Tavantzis, 1983) .
Electron microscopy revealed no measurable differences between the ~izes of virus particles from top, intermediate or bottom fractions of the u.v.-absorbing area of the sucrose density gradient (Fig. 1) . Equilibrium centrifugation in CsC1 of the pooled dsRNA-containing sucrose density gradient fractions yielded a single density component whereas moving boundary sedimentation analysis of the same particle preparation resulted in a broad boundary. The differently sedimenting forms of the virus may be caused by particle aggregation. Although most isometric dsRNA mycoviruses have their multiple dsRNA components separately encapsidated (Hollings, 1978) , we were unable to resolve two particle species by sedimentation, equilibrium centrifugation or electrophoresis. Finkler et al. (1985) also found no evidence for separate encapsidation of dsRNAs in another R. solani mycovirus.
Virus particles found in isolates from Israel were of similar size to those of Rhs 717 (approx. 33 nm) but were less dense (1.34 g/ml). The forces stabilizing the particles of the two Rhizoctonia viruses also appear to be different. A single protein with Mr 46K was obtained from the virions of isolate no. 56 by heating purified virions in 1 ~o SDS and 1 ~ 2-ME (Finkler et al., 1985) but no polypeptides were detected by SDS-PAGE when virions from Rhs 717 were boiled in 2~ SDS and 2~ 2-ME. The capsid polypeptides of the Rhs 717 virus showed a strong tendency to form stable aggregates and in this respect resemble coat proteins of mycoviruses T1-A and F6-B of Gaeumannomyces graminis (Buck et al., 1981) . The virion dsRNA programmed the synthesis in vitro of two major polypeptides of approximate Mr 77K and 71K which, if each is the product of a different RNA species, would represent approximately the full coding capacity of the two viral dsRNAs. The smaller polypeptides observed varied in amount between experiments and may be premature translation products such as are often produced in cell-free translation systems (Wilson & Clover, 1983) .
The RNA polymerase activity associated with mycovirus Rhs 717 from R. solani catalyses the incorporation of ribonucleoside triphosphates into RNA. The RNA polymerase associated with the virions is DNA-independent. Actinomycin D (125 ktg/ml) had no inhibitory effect on [3H]UMP incorporation, and this concentration was included in the standard reaction mixture. Enzyme activity was dependent on Mg z +; the 3 mM optimum concentration of Mg z + is similar to that reported for the RNA polymerase associated with the dsRNA bacteriophage ~b6 (Van Etten et al., 1973) but lower than the 5 mM optimum reported for the RNA polymerase of the U. maydis virus (Ben-Tzvi et al., 1984) or the PsV-F virus ofP. stoloniferum (Chater & Morgan, 1974) . The optimum pH for the Rhs 717 virus RNA polymerase reaction, determined with Tris-HCl buffer, was 7.5 and corresponded to the pH optimum for the RNA-dependent RNA polymerase activities of mycoviruses from Saccharomyces cerevisiae (Welsh et al., 1980) and Agaricus bisporus (Sriskantha et al., 1986) . The highest incorporation of [3H]UMP occurred at 37 °C which is higher than the optimum temperature of 30 °C reported for the A. bisporus virus (Sriskantha et al., 1986) and used in most studies of mycovirus-associated RNA polymerase activity. We found that incubation of mycelial cultures of Rhs 717 at 4 °C for 7 days, following colonization of the liquid media, resulted in a 40 ~ increase in virus yield as compared to similar cultures kept at room temperature. The significant activity exhibited by the virion-associated RNA polymerase at 4 °C (Fig. 5 b) combined with the inhibitory effect of the low temperature on the host metabolism might explain this higher yield of virus.
Incorporation of [3H]UMP increased with increasing virus concentration up to at least 1.8 mg of virus per ml. These results, the time course data and the relatively small amount (85 ng) of radioactive RNA synthesized per ~tg of virion dsRNA template, are properties that resemble those of other mycovirus nucleic acid pol~imerases such as that associated with the A. bisporus virus (Sriskantha et al., 1986) and other mycoviruses (Buck, 1979) . It is not known whether the low RNA polymerase activity is due to a failure to activate the enzyme in vitro, to denaturation during virus purification, or to an effect of the stage of the virus replication cycle reached in stationary phase fungal mycelium. Addition of RNasin to the reaction mixture had no significant effect on the incorporation of [3H]UMP after a 10 h incubation period suggesting that RNase was not contaminating the CsCl-purified virus. S-Adenosyl-L-methionine stimulated transcriptase activity of some dsRNA viruses in vitro (Furuichi, 1974; Shatkin, 1974; Faust & Millward, 1974) but had no effect on the rates of RNA synthesis by the Rhs 717 polymerase or the RNA polymerase activity associated with the P. stoloniferum virus S (Buck, 1979) .
The virion association of the RNA polymerase products, their size and their partial RNase sensitivity are remarkably similar to properties reported for the RNA polymerases of PsV (Chater & Morgan, 1974; Buck, 1975) , bacteriophage q~6 (Van Etten et at., 1973) and an A. bisporus virus (Sriskantha et al., 1986) . However, as much as 50~o of the incorporated [3H]UMP was hydrolysed to TCA-soluble material upon treatment of reacted virions with RNase A, whereas the RNA polymerase products within the PsV and q~6 virions were resistant to RNase treatment. Interestingly, the RNase sensitivity of the enzyme products within the Rhs 717 virions was independent of the ionic strength, which means that RNase A had access to approximately 50~ of the mass of the RNA synthesized in vitro. So, it appears that the RNA polymerase products within the Rhs 717 virus capsids are, at least in part, ssRNA molecules. Annealing of deproteinized complementary single strands to form dsRNA would explain the resistance of the phenol-extracted radioactive products to RNase treatment in 2 x SSC. Buck & Ratti (1975) showed that $3 particles of the A. foetidus virus S contained the equivalent of 1.5 molecules of genomic dsRNA (RNA-224). They concluded that $3 particles had a molecule of dsRNA-224 together with a molecule of ssRNA corresponding to either positive or negative sense strands of RNA-224. The occurrence of equal numbers of $3 particles containing positive or negative RNA strands resulted in the strands annealing after phenol extraction, and this gave rise only to dsRNA-224.
Prolonged exposure of RP Royal 'X-Omat' film to the dried polyacrylamide gel with fractionated RNA polymerase products led to detection of a heterogeneous, large RNA complex the loss of which (by RNase treatment in 2 x SSC) was accompanied by a simultaneous increase in the signal corresponding to the dsRNAs R1 and R2 (Fig. 7) . This strongly suggested digestion of ssRNA segments by the enzyme and conversion to a discrete, viral dsRNA-like structure, a property similar to that of replicative intermediates of plant viruses (Hamilton, 1974) . Bands similar to those described above were detected in ethidium bromide-stained gels in which large amounts (20 to 30 pg) of unlabelled viral RNA were fractionated. A longer exposure of the autoradiograph in Fig. 8 (not shown) revealed that the [32p]UMP-labelled RNA polymerase products also hybridized to a high Mr viral RNA complex. Only 4 to 5 gg of dsRNA was loaded on this gel, an amount too small to allow detection of these complexes by ethidium bromide staining. The less than full-length dsRNAs observed in gels loaded with large amounts of viral or mycelial dsRNA may be incomplete products of RNA polymerase activity in vivo or fragmented viral dsRNA molecules, since they hybridized to the labelled products of the RNA polymerase under highly stringent conditions ( Fig. 8 and unpublished data) . The sedimentation behaviour of Rhs 717 is similar to that reported for reovirus particles containing replicase activity (ss-to dsRNA polymerase). They sedimented heterogeneously (300S to 600S) although they had a uniform density of 1.34 g/ml (Zweerink et al., 1972) . A high proportion of the P. stoloniferum virus S population (H particles) were found to have replicative intermediates (Buck, 1975 (Buck, , 1979 . The basic difference between the Rhs 717 and the PsV-S system is the presence of a slowly migrating putative replicative intermediate in the virus from R. solani (Fig. 7) . Buck (1979) put forward a hypothetical, semi-conservative transcription-replication scheme for PsV-S in which the virion-associated RNA polymerase acts as either a replicase or a transcriptase depending on the conditions. The model predicts the formation of a looped complex structure comprising genomic RNA, RNA polymerase and newly synthesized RNA which when treated with RNase, at high ionic strength, would yield radioactively labelled, linear dsRNA molecules of " approximately genomic size as found with Rhs 717 (Fig. 7) .
